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<abs> Recently, Davies, Davis and Lineweaver1 have concluded that a possible
detection2 of a cosmological variation in the fine structure constant,  α = e2 /hc
(where e is the electronic charge,   h  is the reduced Planck constant and c is the
speed of light) implies that the speed of light decreases as the Universe expands. In
examining the two competing reasons for the variation of this fundamental
parameter – an increase in the electronic charge or a decrease in the speed of light
– they argued against the former by considering the thermodynamics of charged
black holes. However, their argument is based upon a misapplication of the
principles of black hole thermodynamics. A possible variation in α  does not
mandate a changing speed of light.
<p> As Davies et al. state, the surface area of the outer event horizon of a charged non-
rotating black hole with mass M and charge Q, is
<fd>                                                     AH = 4πr+
2                                                          (1)
where the radius of the outer horizon is
<fd>                                          r+ =
G
c 2
M + M 2 −G−1Q2[ ]                                           (2)
with G the constant of gravitation. Denoting Boltzmann’s constant by k, the black hole
entropy, SH , is proportional to the area and is given by
3:
<fd>                                
  
SH =
kc 3
4Gh
AH =
kπG
hc
M + M 2 −G−1Q2[ ]
2
                            (3)
The corresponding black hole temperature is   TH = (2πck)
−1hκ , where
κ =G(M 2 −G−1Q2)1/ 2 r+
−2 is the surface gravity on r+.
<p> The entropy, SH , decreases as the charge increases, apparently contradicting the
second law of thermodynamics. Consider, however, the Hawking theorem4,3 of black
hole dynamics: When the stress-energy tensor, Tab , satisfies Tabk
akb ≥ 0 for all null 4-
vectors, ka , the area of any future event horizon does not decrease. Suppose that the
Maxwell stress energy tensor is replaced by one that incorporates the effect of a
cosmologically varying electronic charge, which in turn influences the charge of the
black hole. The numerically small modifications to Einstein-Maxwell theory would, in
2all probability, not invalidate the Hawking condition. Hence the black hole area and
entropy should not decrease, in apparent contradiction to the dependence of the entropy
upon Q. This paradox applies as much to conventional Einstein-Maxwell theory as it
does to the present case, since we may also contemplate the effect of adding charge to a
black hole. To resolve this, let us consider the first law of black hole thermodynamics in
the form3:
<fd>                       d(Mc 2) = κc
2
8πG
dAH + ΦdQ = kTHdSH + ΦdQ                                   (4)
where Φ =Qr+
−1 is the electrostatic potential on the outer horizon. A non-decreasing
entropy (as implied by the Hawking theorem) together with the contribution of the
electrostatic energy from the addition of charge of the same sign, contributes to an
increasing mass. Another way of thinking of this is that the increasing mass counteracts
the decrease in entropy resulting from the increase in the charge. This resolves the
paradox and invalidates the argument that an increasing electronic charge violates the
second law.
If the currently unconfirmed observational inference by Webb et al.2 of a varying fine
structure constant were to be verified, we conclude that this would not necessarily
undermine one of the key foundations of either the special or general theories of
relativity.
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